iodine brachytherapy in selected cases of retinoblastoma [2] [3] [4] [5] [6] . At 5 years' follow-up of 208 eyes with retinoblastoma treated with brachytherapy, Shields et al. [3] reported nonproliferative retinopathy and maculopathy induced by radiation to be 27 and 15%, respectively. In this paper, we present a rare case of radiation retinopathy occurring 47 years following brachytherapy for retinoblastoma that responded to focal laser treatment.
Case Report
A 50-year-old female was diagnosed with bilateral retinoblastoma at the age of 13 months. At that time, the left eye was enucleated and the right eye was treated by cobalt-60 episcleral plaque at the St Bartholomew's Hospital, London, UK. The patient was followed annually over the past several years at the Department of Ophthalmic Oncology of the Cole Eye Institute, Cleveland Clinic.
Her past medical history was negative for hypertension and diabetes. In April 2015, she presented with a history over a few days or weeks of paracentral scotomas. Her best-corrected VA was 20/25 in the right eye. On dilated fundus examination, there was extensive chorioretinal atrophy due to prior brachytherapy with calcified residual retinoblastoma located temporal to the fovea. The lesion remained stable. However, new onset of microaneurysms and circinate lipid exudate was observed along the temporal parafoveal area (Fig. 1a) . Fluorescein angiography demonstrated pinpoint hyperfluorescent lesions (microaneurysms) in early phases (Fig. 1b) with leakage in the later phases (Fig. 1c) . Furthermore, neither neovascularization nor ischemic maculopathy was observed. Optical coherence tomography (OCT) confirmed the presence of lipid exudation involving the fovea without cystoid macular edema (Fig. 1d) .
Given progression of microaneurysms and lipid exudates threatening the foveola, focal photocoagulation was performed. With argon yellow-green laser, 100 spots were applied to the leaking microaneuryms (duration 0.1 s, size 200 μm, power 100-150 mW). Eighteen months after the focal laser treatment, the final best-corrected VA recorded was stable at 20/25. Fundus examination as well as fluorescein angiogram and OCT revealed good laser uptake, reduced leakage, and decrease of lipid exudation (Fig. 2) .
Discussion
In 1933, the first case of radiation retinopathy was described following radon seed implantation for treatment of retinoblastoma [7] . Over the years, radiation retinopathy has been reported associated with different sources of radiation, including brachytherapy, external and proton radiation therapy [8] [9] [10] . As with diabetic retinopathy, numerous clinical and angiographic features such as microaneurysms, lipid exudates, macular edema, and capillary nonperfusion characterize radiation retinopathy [11] . In a recent study, nonproliferative retinopathy appears to account for more than two-thirds of the retinal and vascular changes related to radiation [12] .
In a retrospective series of 84 cases of recurrent retinoblastoma after chemoreduction, the estimated rate of nonproliferative retinopathy following brachytherapy was 8.7% at 5 years and did not rise at a longer follow-up of 15 years suggesting that radiation complications, including cataract, glaucoma, and retinopathy, mostly develop during the first 5 years post-brachytherapy [13] . To date, we found one previous case report of a patient with polypoidal vascular lesion occurring 53 years after external radiation treatment for retinoblastoma who responded to a single intravitreal injection of bevacizumab [14] . However, in our case, clinical examination, OCT, and fluorescein angiograms revealed the absence of macular edema and neovascularization. At the most recent evalu- ation (September 2016) by the primary care physician including a complete metabolic panel, our patient did not have systemic comorbidities such as diabetes (glucose 78 mg/dL) or hypertension that may have contributed to the development of retinopathy. Although prior records including plaque dosimtery could not be obtained, the patient recalled microaneurysms first diagnosed at age 23 years, but there was no leakage at that time and they remained stable until age 48 years. In absence of specific dosimetric data, we are unable to hypothesize a mechanism for such delayed onset of radiation retinopathy. To the best of our knowledge, this is the longest interval reported between brachytherapy and the onset of clinically significant nonproliferative radiation retinopathy. Optimal therapy for radiation retinopathy is not established [15] . Focal and grid laser photocoagulation results in vision improvement by resolution of macular edema related to radiation retinopathy [16, 17] . Due to the monocular status of our patient and the identification of microaneurysms on fluorescein angiography, focal photocoagulation was successfully attempted to prevent development of macular edema and to preserve vision.
Considering the risk of multiple intravitreal injections in a monocular patient affected by retinoblastoma, focal photocoagulation may be an alternative to anti-VEGF injections for early stages of radiation retinopathy.
We report a unique case of a delayed-onset nonproliferative radiation retinopathy 47 years after brachytherapy for treatment of retinoblastoma. We also demonstrated that focal photocoagulation can induce regression of radiation retinopathy in its early stages with low risk of complications.
Statement of Ethics
The study complied with the guidelines for human studies and animal welfare regulations. The subject gave informed consent and the study protocol was approved by the institute's committee on human research.
